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Abstract: Ambient air pollution is a major global health problem and commercial drivers are
particularly exposed to it. As no systematic assessment of the health risks associated with occupational
exposure to ambient air pollution in this population had yet been carried out, we conducted a
systematic review using a protocol-driven strategy. Papers published from inception to April 20,
2018 in MEDLINE, EMBASE, CINAHL, African journals online, the Cochrane library, ISRCTN
WHO ICTRP, and the Web of Science and Scopus databases were screened for inclusion by two
independent reviewers. Original articles with at least an available abstract in English or French were
included. The initial search retrieved 1454 published articles of which 20 articles were included.
Three studies reported a significant difference in white blood cells (106/L) among commercial
motorcyclists compared to rural inhabitants (5.041 ± 1.209 vs. 5.900 ± 1.213, p = 0.001), an increased
risk of lung cancer (RR = 1.6, 95%CI 1.5–1.8) in bus drivers and an increased standardized mortality
ratio (SMR) in bus drivers from Hodgkin’s lymphoma (SMR 2.17, 95%CI 1.19–3.87) compared to
white-collar workers. Other studies also found that drivers had more oxidative DNA damage and
chromosome breaks. Four papers failed to demonstrate that the drivers were more exposed to air
pollution than the controls. Three other studies also reported no significant difference in lung function
parameters and respiratory symptoms. The genetic polymorphisms of detoxifying enzymes were also
not homogeneously distributed compared to the controls. There is some evidence that occupational
exposure to ambient air pollution among commercial drivers is associated with adverse health
outcomes, but the existing literature is limited, with few studies on small sample size, methodological
weaknesses, and contradictory findings—thus, further research is recommended.
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1. Introduction
Air pollution is a major global public health problem that caused 7 million deaths in 2012,
including 3.7 million due to ambient air pollution [1]. The majority (88%) of the deaths due to ambient
air pollution occurred in low- and middle-income countries. Traffic air pollution is responsible for
much of the ambient air pollution in cities, with exhaust emissions alone accounting for up to 30%
of all particulate matter emitted in urban areas [2]. The International Agency for Research on Cancer
(IARC) classified ambient air pollution (particularly particulate matter) as a group 1 carcinogen for the
lungs [3]. Commercial drivers of buses, cars, and motorcycles in urban areas are commonly exposed
to ambient air pollution in the course of their work. They represent an important part of the labor
force in several urban areas, especially in low and middle incomes countries (LMIC) [4,5] and are
occupationally exposed to air pollution. The vehicles they drive are both sources of air pollution for the
drivers and others who work in the outdoor environment. Due to the severity of air pollution exposure
and their large number, especially in LMIC, it becomes important to know whether their occupational
exposure is a source of additional health risks compared to the general population who are not
occupationally exposed to air pollution. The recognition of occupational exposure to air pollution
as an occupational health risk for commercial drivers requires a robust study method, including,
among others, a study population without selection bias and significant results. These key factors
are important in defining whether an increased health risk is limited, or even unique, to commercial
driving in relation to the occupational exposure to air pollution. The healthy worker effect may also
alter the observed health effect and lead to contradictory findings. To our knowledge, there has not
yet been a systematic review of the literature to clarify this question on the health risks associated
with occupational exposure to ambient air pollution amongst commercial drivers. A recent review
was done only on the effect of air pollutants on airways, which included all outdoor workers except
commercial drivers [6]. The current review has thus set out to fill this gap with a view to identifying
knowledge gaps, opportunities for further research, and to guide policies to help protect the health of
this vulnerable group.
2. Methods
2.1. Data Sources and Search Strategy
We searched MEDLINE, EMBASE, CINAHL, African journals online, the Cochrane library,
ISRCTN WHO ICTRP, and the Web of Science and Scopus databases for papers written in the English
and French language, published from inception to April 20, 2018 by using a systematic search strategy
with the removal of duplicate titles. Table 1 reports the key words that were used. Reference lists from
published reviews and included publications, abstracts from major occupational and environmental
medicine conference proceedings of major conferences on occupational and environmental health were
also searched. The bibliography of studies included in the review were searched for any additional,
relevant titles.
2.2. Study Selection
Original studies comparing the health effects of occupational air pollution in commercial drivers
and a comparison group were included if they met the selection criteria detailed in Table 2. Two (HL, MS)
authors screened the titles and abstracts and made study selection decisions independently. A third
author (LAF) reviewed it, in case of disagreement. There were no study design restrictions.
2.3. Data Extraction, Risk of Bias Assessment and Analysis
Data was collected about the study design and the location, type, and number of drivers and their
controls, the type of exposure, and outcomes measured. A narrative synthesis was completed on all
the included studies and reported the key points on each of the studied items.














MeSH = Medical Subject Headings.
Table 2. Selection criteria.
Inclusion Criteria Exclusion Criteria
• Original articles
• Focus on air pollution and drivers
• Abstracts available
• Abstract available in English, French




• Studies on animal, cyclists or walkers
3. Results
The initial search retrieved 1583 published articles, of which 1542 were excluded based on their
titles and abstracts. A full evaluation of 41 papers found 20 articles relating to commercial motorcycles,
including cars, buses, and trucks (Tables 3–6). The 21 non-included papers were excluded on the
basis of: nine articles having no comparative group; two papers comparing drivers with/without
co-morbidities; eight articles not reporting results for drivers only; one article comparing indoor and
outdoor vehicle exposure; and one article comparing air-conditioned vs. open air buses (Figure 1).
3.1. Study Design and Site
All the included studies were observational—17 cross-sectional, and 3 cohort. All the cohort
studies were implemented in high-income countries, and almost one-third of the cross-sectional studies
were done in Africa.
3.2. Populations Studied
Most of the articles (13 of 20) studied bus and commercial motorcycle drivers, while three articles
assessed car taxi drivers. The comparison groups varied considerably between studies, such as drivers
who were not occupationally exposed to ambient air pollution in the same location, rural/suburban
inhabitants, administrative and office workers, policemen, or civil servants. Only two studies used
age and gender which matched in the recruitment of the comparative group—one of these recruited
the matched population from a rural area different to the working area of the exposed group, and the
other recruited the matched comparative group from the same locality.
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* Study on both motorcycle and car taxi drivers. SD = statistical difference; NSD = no significant statistical difference. PM = particulate matter; DNA = deoxyribonucleic acid. CO = carbon
monoxide; SO2 = sulfur dioxide; NO2 = nitrogen dioxide; BTEX = benzene, toluene, ethylbenzene, and xylene.
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1. Chromosome breakage (CB)
2. Chromosome aberration (CA) rate
(including both chromosome
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Table 5. Study on truck drivers included in the review.
Authors StudyDesign/Site Type of Drivers (Number)
Comparative Study
Population (Number) Exposure Outcomes Key Findings
Hart et al. [17] Cohort study(1985–2000)/US
Long haul up (n = 13,752)
and Pick- and delivery
(P&D) drivers (n = 8930)
Non-drivers in trucking
industry
Job title and residential
exposure to PM10, NO2
and SO2
Ischemic heart
Disease (IHD) deaths (number and
Hazard ratios for IHD mortality
associated with at least one year of work
in each specific job category)
Long haul drivers had more
IHD deaths
Hazard ratio = 1.44 [1.22,
1.70]
Table 6. Studies on bus drivers included in the review.
Authors Study Design/Site Type of Drivers(Number)
Comparative Study






Bus (n = 50)
1. Garagemen (n = 20)
2. Administrative





1. Percentage of DNA in the tail
(Tail DNA %).
2. Total DNA damage (with
enzymes)
3. DNA-SB or unspecified
DNAdamage; without enzymes)
3. urinary excretion of 8-oxodG
4. Urinary 15-F2t-IsoP (oxidative
damage to lipids)
5. Protein carbonyl
6. Polymorphisms of metabolic
genes (CYP1A1, GSTM1, GSTP1,
GSTT1, EPHX3,4), folic acid
metabolism genes (MS, MTHFR)
and DNA repair genes (XRCC1,
XPD6, XPD23, hOGG1)
1. Drivers were more exposed than
administrative workers
2. Almost the same exposure for
drivers and garagemen (p value not
shown)
3. NSD in Tail DNA% (drivers vs
administrative workers)
4. Drivers had more DNA-SB,
8-oxodG, 15-F2t-IsoP than
administrative workers
5. Almost the same oxidative damage
(drivers vs. garagemen, p value not
shown)
Han et al. [19] Cross-sectional/Taiwan Bus (n = 120) Office workers (n = 58) N/A 8-oxodG (24 h sampling) drivers > office workers
Hansen et al. [20] Cross- sectional(Denmark) Bus (n = 60) Mail carriers (n = 88)
1-hydroxypyrene




Drivers were more exposed than mail
carriers
Merlo et al. [21] Cohort study/Genoa(Italy) 1970–2005 Bus (n = 6510)
1.Maintenance workers
(n = 2073)
2. White collar (n = 601)
Job title Standardized mortality ratios(SMRs)
More SMRs for all causes of deaths
and lung diseases in maintenance
workers than in drivers than in white
collar
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Table 6. Cont.
Authors Study Design/Site Type of Drivers(Number)
Comparative Study
Population (Number) Exposure Outcomes Key Findings
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(Denmark) Bus (n = 18,120) Other people in Denmark Job title Cancer risk
Drivers > general population
Lung cancer rates [relative risk
(RR) = 1.695% confidence interval
(95% CI) = 1.5–1.8] and bladder
cancer rates (RR = 1.4, 95%
CI = 1.2–1.6)
N/A = not available; PM = particulate matter.
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Figure 1. Pref rred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram.
3.3. Exposure Variables Measured in Studies Included in the Review
Several types of pollutants were measured to characterize the exposure level in the drivers:
particle matters; volatile organic compounds (including benzene, toluene, ethyl benzene, and xylene
(BTEX)); polycyclic aromatic hydrocarbons (PAHs) (including benzo[a]pyrene (B[a]P)); and gaseous
pollutants (SO2, CO, NO). Most of the measurements were performed by using fixed monitoring
stations. These fixed stations pre-existed or were set up for the purpose of the studies. Some personal
measurements were performed by using urine excretion of PAHs or benzene and by the dosage of
carboxyhemoglobin. The measurement duration varied between studies, but 24 to 48 h or one week of
exposure measurement duration were most frequently done. Some measurements were also performed
before and after work. Two studies were used the job title alone to define the exposure.
Of the 20 studies included in this review, four found no difference in air-pollution exposures
between the exposed and control groups. Brucker et al. [14] and Burgaz et al. [15] reported that
exposure to carboxyhaemoglobin (almost 2% in the two groups) and 1 hydroxypyrene (0.32 ± 0.25 vs.
0.57 ± 0.36 µmol/mol creatinine, p > 0.05) were not different in a group of taxi drivers and controls.
Brucker compared 39 automobile taxi drivers with 21 non-occupationally exposed controls, and
Burgaz compared 17 taxi drivers with 23 office workers. Fanou et al. [8] also reported a statistically
insignificant difference in 1-hydroxypyrene level among six urban motorcycle taxi drivers and five
rural inhabitants. Rossner et al. [24] reported that bus drivers were less exposed to B[a] P (1.3 ± 0.7 vs.
1.8 ± 1.0 mg/m3, p < 0.01) and carcinogenic PAHs (7.1 ± 3.7 vs. 9.4 ± 5.5 mg/m3, p < 0.05) than the
controls. The controls were healthy male volunteers spending > 90% of time indoors daily.
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3.4. Outcome Variables Measured in Studies Included in the Review
Most of the outcomes measured were based on reactive oxygen species (ROS) that produced
oxidative stress and DNA damage. The current studies reported measurement of oxidative DNA,
oxidized protein and lipids, DNA adducts, and chromosome aberrations and breakage. Cytochrome
P4501A1 (CYP1A1), which is the main enzyme of the metabolic activation of PAHs, was measured.
Genetic polymorphisms of glutathione S transferase (GSTs), which can detoxify the carcinogenic
activity of the PAHs, were also measured. Inflammatory biomarkers (cytokines, high-sensitivity C
reactive protein) were also reported in a few studies. The results of these intermediate markers of
health risks were contradictory. Four studies reported no difference in the distribution of these markers.
Avogbe et al. [7] and Petchpoung et al. [23] reported that there was no statistical significant difference
in the protective gene distribution (GST, CYP1A1, Glutathione peroxidase (GPX), NAD(P)H:quinone
oxido-reductase 1) between the drivers and controls (rural and suburban residents). Although the
level of chromosome break was higher among the urban taxi drivers (n = 30), Taghizadeh et al. [16]
did not find any statistical difference (6.7% vs. 3.3%, p = 0.3) compared to the rural taxi drivers (n = 30).
Bagryantseva et al. [18] reported no difference in the level of oxidative DNA damage between the
drivers and administrative workers (2.35 ± 2.17 vs. 2.55 ± 2.86% of tail DNA damage, p > 0.05).
Besides these intermediate outcomes, clinical endpoints were also measured. Lung function
parameters, standardized mortality rate, ischemic heart disease mortality, as well as blood-cell count
were reported. Three studies failed to demonstrate that the commercial drivers had more clinical
health risks than their controls. Comparing motorcycle taxi drivers (n = 85) and an individual matched
control group in Cotonou (Benin), Lawin et al. [13] reported no difference in the prevalence of cough
and/or phlegm (adjusted odds ratio (AOR) 1.57, 95% confidence interval (CI) 0.51–4.84) and in
lung-function parameters (adjusted difference in forced expiratory volume in 1 s (FEV1) 0.12L, 95% CI
−0.16–0.22; adjusted difference in forced vital capacity (FVC) 0.11, 95% CI −0.14–0.37). In the same
area, Fourn et al. [11] also reported no difference in respiratory symptoms between drivers (n = 250)
and non-drivers in Cotonou (n = 150) (odds ratio 1.18, 95% CI 0.70–2.00). Ekpenyong et al. [10] in Uyo
metropolis (Nigeria) reported a higher frequency of lung function disorders by comparing commercial
motorcyclists (n = 24) to six civil servants (FEV1 < 80% predicted AOR 1.01, 95% CI 0.942–1.081;
FVC < 80% predicted AOR 3.10, 95% CI 0.402–16.207) and car taxi drivers (n = 18) to the same civil
servants (FEV1 < 80% predicted AOR 1.02, 95% CI 0.953–1.091; FVC < 80% predicted AOR 1.72, 95% CI
0.408–4.732) although the difference was not statistically significant.
Four studies showed evidence of clinical health risks associated with occupational exposure to
ambient air pollution in drivers. Avogbe et al. [12] reported a significant difference in white blood
cells (106/L) among commercial motorcyclists in Cotonou (n = 144) compared to 30 rural inhabitants
(5.041 ± 1.209 vs. 5.900 ± 1.213, p = 0.001). Soll-Johanning et al. [26] found that bus drivers in
Copenhagen had an increased risk of lung cancer (relative risk (RR) 1.6, 95% CI 1.5–1.8) and bladder
cancer (RR 1.4, 95% CI 1.2–1.6). Merlo et al. [21] also found an increased standardized mortality ratio
(SMR) in bus drivers (n = 6510) from Hodgkin’s lymphoma (SMR 2.17, 95% CI 1.19–3.87) and lung
cancer (SMR 1.16, 95% CI 1.05–1.28) compared to white-collar workers (n = 601) in Italy. This risk
mortality increased after 30 years of employment. Hart et al. [17] also reported an increased risk of
mortality from ischemic heart disease associated with at least one year of work for truck drivers in the
U.S. (hazard ratio 1.44, 95% CI 1.22–1.70).
4. Discussion
This study was the first systematic review to assess the health risks associated with occupational
exposure to ambient air pollution in commercial drivers. Despite the increasing number of people in
this particular occupation, we were able to find only a few studies on this topic, especially in LMIC.
Most of the articles focused on bus and motorcycle taxi drivers, which represent the main methods of
public transport in LMIC, especially in Africa [13]. These methods of transport, especially in African
settings, contribute substantially to the level of air pollution in urban cities due to the age of vehicles
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and fuel quality [27]. Four studies reported that commercial drivers had decreased white blood cell
counts [12], increased risks for lung and bladder cancer [26], as well as increased risks of mortality
from Hodgkin’s lymphoma, lung cancer [21], and ischemic heart disease [17]. Oxidative DNA damage,
DNA adducts and strand breaks, and chromosome aberration that was found in these drivers may
help to explain the increased risk of cancer.
However, there was a wide variation in the methods and endpoints of the assessed studies. Seven
studies found no significant differences between drivers and controls. Hence, we were unable to
definitively conclude that the health effects reported in drivers were fully attributable to occupational
exposure to ambient air pollution.
The main methodological weaknesses of the included studies were related to the choice of the
comparative study population. In most of the studies, drivers were compared to rural/suburban
inhabitants, administrative and office workers, policemen, civil servants, or other drivers in rural areas.
As such, the control groups were not always appropriate, as they would also have experienced
considerable air pollution exposures—for example, to household air pollution—and the lack of
adjustment for such exposures may have contributed to some of the contradictory findings seen
between studies.
Four studies failed to demonstrate that drivers were more at risk of exposure than the controls.
For three studies [8,14,15], this is possibly due to a lack of statistical power, given their small sample
sizes. The fourth study [24] found that controls were more exposed to B [a] P and carcinogenic PAHs
than bus drivers. One possible explanation for this is that the use of closed bus-driver cabins with
closed windows may have reduced their exposure, hence the small variation in the air pollution
exposure due to a specific job activity. The use of a fixed station without a land-use regression
model [28] may not, then, adequately characterize individual exposures.
Three of the cross-sectional studies found no difference in respiratory outcomes between drivers
and controls [10,11,13]. These contradictory results can be explained by the choice of controls and/or
the lack of statistical power, as noted above. The use of convenience sampling for both drivers
and controls and a lack of control over confounding variables further explains the contradiction in
these studies. The healthy-worker effect commonly found in cross-sectional studies can also explain
these results.
Taghizadeh et al. [16] and Bagryantseva et al. [18] also reported no difference in the frequency
of the chromosome breaks and DNA damage compared to controls. The genetic polymorphisms of
the detoxifying enzymes, their metabolic activation, and their distribution in the population can also
explain these contradictory results. These genes act as modulators or effect modifiers. GST and CYP1A1
contributed in the metabolic activation of the detoxification of the carcinogenic PAHs. Avogbe et al. [7]
and Petchpoung et al. [23] reported that these genes were not homogeneously distributed in drivers
and controls and may not be activated in low air-pollution exposure, especially in low PAH exposure.
There is a need to carry out studies with robust methods to define whether commercial driving
is a risky job in relation to the occupational exposure to ambient air pollution. Intermediate health
outcomes, such as the genetic polymorphism of GST, GPX, and CYP1A1 may be considered in the
assessment of clinical health risks. Although they do seem to modify short-term clinical health risks,
their detoxification ability may be altered in the long term. This reduction of their ability may be
associated with the health risks (cancer risks, increased mortality) that were reported in the cohort
studies among drivers in Denmark, the U.S., and Italy [17,21,26].
5. Conclusions
In the present study, we were able to find some evidence that occupational exposure to ambient
air pollution among commercial drivers is associated with adverse health outcomes, but the existing
literature is limited as there are only a few studies available with small sample sizes, methodological
weaknesses, and contradictory findings. We recommend that future research should have more robust
methods and consider the distribution of genetic polymorphisms. At the same time, there is evidence
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that exposure to air pollution is harmful to human health with established clean air interventions
(including clean air legislation). Alongside further research in this area, we recommend that effective
interventions for purifying the air are implemented for all.
Author Contributions: Conceptualization, H.L.; Data curation, H.L., L.A.F., A.V.H. and M.S.; Formal analysis, H.L.
and M.S.; Funding acquisition, H.L., K.M. and B.F.; Investigation, H.L.; Methodology, H.L., A.V.H., M.S., P.H. and
E.M.D.O.; Project administration, M.S.; Resources, K.M.; Supervision, K.M.; Validation, H.L.; Writing—original
draft, L.A.F. and K.M.; Writing—review & editing, H.L., A.V.H., M.S., N.M.K., J.K., P.K. and K.M.
Funding: This document was supported by the National Institute of Health Research using Official Development
Assistance (ODA). The views expressed in this publication are those of the author(s) and not necessarily those
of the International Development Research center (IDRC) the National Health System (NHS), the National
Institute for Health Research (NIHR), the Department of Health (DOH), the Medical Research Council (MRC),
the Pan-African Thoracic Society (PATS), the American Thoracic Society (ATS), or the Aldama Foundation (AF).
Mention of any company or product within the document does not contribute endorsement by IDRC, NHS, NIHR,
DOH, MRC, ATS, PATS, ATS or AF.
Acknowledgments: We thank the International Development Research Centre (Project ID 107347), the Liverpool
School of Tropical Medicine NIHR-funded Global Health Research Unit on Lung Health and TB in Africa
(“IMPALA”, grant number 16/136/35), the Medical Research Council GCRF-funded Lung Health in Africa across
the Life course project (“LuLi”, grant number MR/P022006/1), and the PATS MECOR course funded by the
Medical Research Council through the BREATHE Partnership (grant number MR/L009242/1) with additional
assistance from the American Thoracic Society, The Aldama Foundation and an anonymous donor.
Conflicts of Interest: The authors declare no conflict of interest.
References
1. WHO. Oms|7 Millions de Décès Prématurés Sont Liés à la Pollution de L’air Chaque Année. Available online:
http://www.who.int/mediacentre/news/releases/2014/air-pollution/fr/files/475/fr.html (accessed on
24 February 2018).
2. Krzyz˙anowski, M.; Kuna-Dibbert, B.; Schneider, J. Health Effects of Transport-Related Air Pollution; WHO
Regional Office Europe: København, Denmark, 2005; p. 205.
3. Loomis, D.; Grosse, Y.; Lauby-Secretan, B.; Ghissassi, F.E.; Bouvard, V.; Benbrahim-Tallaa, L.; Guha, N.;
Baan, R.; Mattock, H.; Straif, K. The carcinogenicity of outdoor air pollution. Lancet Oncol. 2013, 14, 1262–1263.
[CrossRef]
4. Assamoi, A.Y.E.-M. Emissions Anthropiques D’aérosols Carbonés en Afrique en 2005 et en 2030: Laboration
D’inventaires et Évaluation. Ph.D. Thesis, Université de Toulouse, Université Toulouse III-Paul Sabatier,
Toulouse, France, 2011.
5. Sahabana, M. Les Motos-Taxis à Douala et Leur Perception par les Pouvoirs, Publics: Entre Tolérance d’un Secteur
Pourvoyeur D’emplois et de Transport et Volonté D’éradiquer une Activité Incontrôlable; Laboratoire d’Economie
des Transports: Vaulx-en-Velin, France, 2014.
6. Choudhary, H.; Tarlo, S.M. Airway effects of traffic-related air pollution on outdoor workers. Curr. Opin.
Allergy Clin. Immunol. 2014, 14, 106–112. [CrossRef] [PubMed]
7. Avogbe, P.H.; Ayi-Fanou, L.; Autrup, H.; Loft, S.; Fayomi, B.; Sanni, A.; Vinzents, P.; Moller, P. Ultrafine
particulate matter and high-level benzene urban air pollution in relation to oxidative DNA damage.
Carcinogenesis 2005, 26, 613–620. [CrossRef] [PubMed]
8. Ayi Fanou, L.; Mobio, T.A.; Creppy, E.E.; Fayomi, B.; Fustoni, S.; Møller, P.; Kyrtopoulos, S.; Georgiades, P.;
Loft, S.; Sanni, A.; et al. Survey of air pollution in Cotonou, Benin—Air monitoring and biomarkers.
Sci. Total Environ. 2006, 358, 85–96. [CrossRef] [PubMed]
9. Ayi-Fanou, L.; Avogbe, P.H.; Fayomi, B.; Keith, G.; Hountondji, C.; Creppy, E.E.; Autrup, H.; Rihn, B.H.;
Sanni, A. DNA-adducts in subjects exposed to urban air pollution by benzene and polycyclic aromatic
hydrocarbons (pahs) in Cotonou, Benin. Environ. Toxicol. 2011, 26, 93–102. [CrossRef] [PubMed]
10. Ekpenyong, C.E.; Ettebong, E.O.; Akpan, E.E.; Samson, T.K.; Daniel, N.E. Urban city transportation mode
and respiratory health effect of air pollution: A cross-sectional study among transit and non-transit workers
in Nigeria. BMJ Open 2012, 2, e001253. [CrossRef] [PubMed]
11. Fourn, L.; Fayomi, E.B. Air pollution in urban area in Cotonou and Lokossa, Benin. Bull. Soc. Pathol. Exot.
2006, 99, 264–268. [PubMed]
Int. J. Environ. Res. Public Health 2018, 15, 2039 13 of 13
12. Avogbe, P.H.; Ayi-Fanou, L.; Cachon, B.; Chabi, N.; Debende, A.; Dewaele, D.; Aissi, F.; Cazier, F.; Sanni, A.
Hematological changes among beninese motor-bike taxi drivers exposed to benzene by urban air pollution.
Afr. J. Environ. Sci. Technol. 2011, 57, 464–472.
13. Lawin, H.; Agodokpessi, G.; Ayelo, P.; Kagima, J.; Sonoukon, R.; Mbatchou Ngahane, B.H.; Awopeju, O.;
Vollmer, W.M.; Nemery, B.; Burney, P.; et al. A cross-sectional study with an improved methodology to assess
occupational air pollution exposure and respiratory health in motorcycle taxi driving. Sci. Total Environ.
2016, 550, 1–5. [CrossRef] [PubMed]
14. Brucker, N.; Moro, A.M.; Charao, M.F.; Durgante, J.; Freitas, F.; Baierle, M.; Nascimento, S.; Gauer, B.;
Bulcao, R.P.; Bubols, G.B.; et al. Biomarkers of occupational exposure to air pollution, inflammation and
oxidative damage in taxi drivers. Sci. Total Environ. 2013, 463–464, 884–893. [CrossRef] [PubMed]
15. Burgaz, S.; Demircigil, G.C.; Karahalil, B.; Karakaya, A.E. Chromosomal damage in peripheral blood
lymphocytes of traffic policemen and taxi drivers exposed to urban air pollution. Chemosphere 2002, 47,
57–64. [CrossRef]
16. Taghizadeh, S.; Najmabadi, H.; Kamali, K.; Behjati, F. Evaluation of chromosomal aberrations caused by air
pollutants in some taxi drivers from two polluted districts of urban tehran and its comparison with drivers
from rural areas of Lahijan: A pilot study. J. Environ. Health Sci. Eng. 2014, 12, 144. [CrossRef] [PubMed]
17. Hart, J.E.; Garshick, E.; Smith, T.J.; Davis, M.E.; Laden, F. Ischaemic heart disease mortality and years of
work in trucking industry workers. Occup. Environ. Med. 2013, 70, 523–528. [CrossRef] [PubMed]
18. Bagryantseva, Y.; Novotna, B.; Rossner, P., Jr.; Chvatalova, I.; Milcova, A.; Svecova, V.; Lnenickova, Z.;
Solansky, I.; Sram, R.J. Oxidative damage to biological macromolecules in prague bus drivers and garagemen:
Impact of air pollution and genetic polymorphisms. Toxicol. Lett. 2010, 199, 60–68. [CrossRef] [PubMed]
19. Han, Y.Y.; Donovan, M.; Sung, F.C. Increased urinary 8-hydroxy-2’-deoxyguanosine excretion in
long-distance bus drivers in Taiwan. Chemosphere 2010, 79, 942–948. [CrossRef] [PubMed]
20. Hansen, A.M.; Wallin, H.; Binderup, M.L.; Dybdahl, M.; Autrup, H.; Loft, S.; Knudsen, L.E. Urinary
1-hydroxypyrene and mutagenicity in bus drivers and mail carriers exposed to urban air pollution in
Denmark. Mutat. Res. 2004, 557, 7–17. [CrossRef] [PubMed]
21. Merlo, D.F.; Stagi, E.; Fontana, V.; Consonni, D.; Gozza, C.; Garrone, E.; Bertazzi, P.A.; Pesatori, A.C.
A historical mortality study among bus drivers and bus maintenance workers exposed to urban air pollutants
in the city of Genoa, Italy. Occup. Environ. Med. 2010, 67, 611–619. [CrossRef] [PubMed]
22. Nielsen, P.S.; de Pater, N.; Okkels, H.; Autrup, H. Environmental air pollution and DNA adducts in
copenhagen bus drivers—Effect of gstm1 and nat2 genotypes on adduct levels. Carcinogenesis 1996, 17,
1021–1027. [CrossRef] [PubMed]
23. Petchpoung, K.; Kaojarern, S.; Yoovathaworn, K.; Sura, T.; Sirivarasai, J. The influence of metabolic gene
polymorphisms on urinary 1-hydroxypyrene concentration in thai bus drivers. Environ. Toxicol. Pharmacol.
2011, 31, 160–164. [CrossRef] [PubMed]
24. Rossner, P., Jr.; Svecova, V.; Milcova, A.; Lnenickova, Z.; Solansky, I.; Santella, R.M.; Sram, R.J. Oxidative and
nitrosative stress markers in bus drivers. Mutat. Res. 2007, 617, 23–32. [CrossRef] [PubMed]
25. Rossner, P., Jr.; Svecova, V.; Milcova, A.; Lnenickova, Z.; Solansky, I.; Sram, R.J. Seasonal variability of
oxidative stress markers in city bus drivers. Part ii. Oxidative damage to lipids and proteins. Mutat. Res.
2008, 642, 21–27. [CrossRef] [PubMed]
26. Soll-Johanning, H.; Bach, E.; Olsen, J.H.; Tuchsen, F. Cancer incidence in urban bus drivers and tramway
employees: A retrospective cohort study. Occup. Environ. Med. 1998, 55, 594–598. [CrossRef] [PubMed]
27. Eye, P. Swiss Commodity Trader Trafigura Is Selling Toxic Fuel to Africa. Available online: https://www.
publiceye.ch/en/campaigns/dirtydiesel/files/708/dirtydiesel.html (accessed on 18 January 2018).
28. Ryan, P.H.; LeMasters, G.K. A review of land-use regression models for characterizing intraurban air
pollution exposure. Inhal. Toxicol. 2007, 19, 127–133. [CrossRef] [PubMed]
© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
